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CMS
Motivation

« Test of perturbative QCD

- comparison with Parton Shower (PS)

Monte Carlo (Pythia) ” Vi
_+_
- comparison with matrix element + PS

MC (Alpgen, Sherpa, MadGraph) (@ W+ 2 parton process M+

- Comparison with NLO
predictions (MCFM, Blackhat-Sherpa)

* W/Z + jet is an important background
- for top

- for Higgs searches
(b) SM Higgs production, where Hs

- for beyond Standard Model (SUSY) signals WW — Ivqg
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2010 dataset
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- LHC proton-proton collider:

60_ IIIIII | IIIIIII | lllllll | IIIIII ]
- ATLAS Online Luminosity \s=7Tev

50 [ LHC Delivered -
- [_]ATLAS Recorded A

- E,,=7TeV

- Peak luminosity: 2.1 x 1032 cms™!

40 Total Delivered: 48.1 pb’
[ Total Recorded: 45.0 pb™

Total Integrated Luminosity [pb™|

- LHC delivered data in 2010: 48 pb™! o
- Data used for the analysis: 20;
10F

ATLAS: 33 pbl CMS: 36 pb!

0
24/03 19/05 14/07 08/09 03/11
Day in 2010

* Measurement: (V=W,Z)
- Cross section ratios: o(V+ > (N+1) jets)/o(V+ =N jets) N=0,..,4
- Differential cross section:  do(V+ > (N+1) jets)/dp;(N jet)
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* Inner detector:
- Pixel and SCT |n| <2.4
-TRT |n| <2.0

* Calorimeter:
- Lar + Tile [n| < 3.2, FCAL |n| < 4.9

* Muon spectrometer:
-MDT + CSC |n| < 2.7
- RPC+TGC |n| < 2.4 (trigger chambers)

N. Venturi, University of Bern

ATLAS and CMS detector
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Total Weight : 14,500 t.
Overall diameter: 14.60 m
Overall length : 21.60 m SUPERCH / =
Magnetic field : 4 Testa == |RETURNYOKE

* Inner tracker:
- Si Pixel, Si strip |n| <2.5

* Calorimeter:
- Tg crystals|n| < 3.0
- brass/scintillator |n| < 3.0

* Muon system:
-DT+CSC+RPC |n| <2.4

W/Z+jet ATLAS+CMS 4
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W+jets analysis for ATLAS

Z + jets results in back-up slides
ATLAS-CONF-2011-042
ATLAS-CONF-2011-060

ATLAS public results:

N. Venturi, University of Bern

ATLAS and CMS detector

/+jets analysis for CMS

W + jets results in back-up slides
CMS PAS-EWK 10-012
CMS PAS-EWK 10-015
CMS public results:
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CMS

First electron:
- p;>20GeV

- In| <2.5 (No: 1.44<|n|<1.57) - |n|<2.1

- Matches lepton in the trigger - Matches lepton

- Isolation

- Isolation
* Jet selection:

- Anti-k, jet algorithm with R = 0.5

(using “Particle Flow’’ objects, no muons)
- E;>30GeV , |n| < 2.4 (tracker acceptance)

* Pile-up jets and overlap removal:

- remove off-set energy from underlying event
- AR(ele,jet) > 0.3

First muon:
- p;> 20 GeV

in the trigger

events / 5 GeV

data/MC

/ event

/ + jets event selection

-> search second lepton with:
- p;> 10 GeV
- |nel asl.ste , u: |n [<2.4
- 60 GeV <M,,,.< 120 GeV

CMS preliminary
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CMS

* Signal extraction:

- unbinned maximum likelihood fit in M,

e Efficiency corrections:

- tag and probe from Z/y* + jets data sample

- factorized as:

- Reconstruction
- ldentification (N

- Trigger

* Migration among jet bin:

- Migration matrix R(Ngoco,Niryer) from MC simulation N
- Single Value Decomposition (SVD) for .
“unsmearing” N., distribution =l e

dependence due to isolat. cut)

/ + jets analysis

CMS preliminary
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V] Z—ee+z=1-jet
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CMS preliminary
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© 10 3 e data E
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o(Z + = n-jets)

o(Z + = n-jets)

o(Z + = O-jet)

o(Z + = (n-1)-jets)

102

103
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o 4O N W

/ + jets cross section ratio

CMS preliminary
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- — - Pythia 22 I
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inclusive jet multiplicity, n

o(Z + = n-jets)

o(Z + = n-jets)

o(Z + = O0-jet)

o(Z + = (n-1)-jets)
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103
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CMS preliminary
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- {77 unfolding -
= —— MadGraph 22 o ——
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inclusive jet multiplicity, n

Excellent agreement for matrix element plus parton shower MC
(MadGraph) and compatible with parton shower alone (Pythia)



CMS , ,
Berends-Giele scaling

O

Berends-Giele scaling: Cn = —" = constant forn > 1
On+1

* Test scaling by fitting: C. =a + Bn

* Taking into account correlation between o,, and migrations between jet bins

CMS preliminary 36pblat\Vs=7TeV
T T T T T T T T T T T T
o(Z + = n-jets)

o(Z + = (n+1)-jets)

2 1 F 2

uncertainties: uncertainties:

- electron efficiency -> jet energy scale

=o+fxn

Z—ee Z—uu

- data k - @ data

o MadGraph o MadGraph
stat. only 68% C.L. contours stat. only 68% C.L. contours
2, | . | . i . | . | . ]2
4 6 8 4 6 8




/+ b jets

* Event selection:
- at least one Z (p;*> 25 GeV, p;* >20 GeV)
- at least one jet with E; > 25 GeV, |n|< 2.1, AR(l,jet) >0.5
- E;Mss < 40 GeV (tt-bar rejection)
- b-jet tagging algorithm (secondary vertex)

25-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-
I CMS Preliminary —+ Data
[ Ns=7TeV, L=36pb' I b-jets

[ c-jets

High purity b-tagging

Events / ( 0.333 GeV/c?)

«Z + b purity: 88% + 11% (data), 82% * 4% (MC)

- extracted from binned likelihood fit to secondary

I R T N A
vertex mass in data events Secondany veriex mass (GevIC)
data 54+1.0%1.2 4.6 £0.8 +1.1
MadGraph 5.1 £0.2 0.2 0.6 (theory) 5.3 £0.1 £0.2 0.6 (theory)
MCFM 4.3 £0.5 (theory) 4.7 £0.5 (theory)

N. Venturi, University of Bern W/Z+jet ATLAS+CMS 11
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W + jets event selection

Electron: Muon: W event:
"Er> 20 GeV - Pr>20 GeV - exactly one lepton
- - - < 2. .
In| <2.47 (No: 1.37<|n|<1.52) In| <2.4 CEmi > 25 GeV
_ ; - Isolati
Isolation solation M. >40 GeV
* Jet selection: .
g U E T T ATLAS eremmary S
- Anti-ktjet algorithm withR=0.4 f_g - det=36 Pb” _e Data 20(10 (\E:)?TeV)f
% 10 Njets>1 & oo’ AlPgen
(all particles with ©™>10 ps, no W/Z leptons) 5 F =12 e

-p;>20GeV, |y| <2.8

* Pile-up jets and overlap removal:

- use percent of tracks belonging

150 200

to primary vertex Leading Jet p_[GeV]
- AR(l,jet) > 0.5 (I=e, p)



* Signal extraction:

- multi-jet (QCD) with data-driven method
(template fit in control region)
- electroweak and tt-bar background from MC

* Background:
- low N._.: multi-jet (e), Z->pup, W->1v (W)

jet*

- high N._. : tt-bar (e and p)

jet -
e Correction for detector effect:

- Bin-by-bin correction method

* Systematic uncertainty:
- jet energy scale (=10%)

- luminosity (=4 %)

- Pile-up removal (=5%)

W + 1 jet

[ IW—ev
[ J1QCD
[ IW-—ztv
O Z—>ee
. T

-[Ldt=1 .3 pb’’

——+— Data 2010,\'s=7 TeV -

1000 ATLAS -
500 ]
0_ . . y—— el oo
o 20 40 60 80 100
E_rpiss [GeV]
e 1 0° N N N x T
GCJ - W-oev + jets ]
= - p —— Data 2010,\/s=7 TeV
L - |Ldt=33 pb CW-vey i
10°F WO |
CJdibosons
- I Z—ee
CJ1Z->tt
B 1t 7
B single top .
10*E ATLAS Preliminary
10° .

20

21

>2 >3 >4 >5
Inclusive Jet Multiplicity, NJet



W + jets cross section ratio
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* Ratio more robust against 0.5 W | | |
—uv + jets -1
systematic uncertainties (lumi, JES) i ’:eE\)ELanEo&o,@g TeV det=33 pb
15} A SHERPA
0.4~ < PYTHIA —

BLACKHAT-SHERPA

* Good agreement with predictions
MCFM

at NLO from MCFM (up to W+ 2 jet)

o
W
|
|

* Good agreement with predictions at
NLO (up to W+ 3 jet) from Blackhat-Sherpa

(NLO predictions corrected to particle level)

jets) / o(W +=N_-1 jets)

N\

> N

OZ%Aé; ) ) \ /ﬁ%/

+ qp
-> first time W + 3 jets NLO vs LHC data = - o
5 ATLAS Preliminary
0.1 I I I I
° Good agreement WIth predicﬁons =1/z0 =2/z1 =3/z2 =4/=z3 =5/=4
from multi-parton ME +PS (Alpgen, Sherpa) Inclusive Jet Multiplicity Ratio

* Poor agreement with Pythia (LO + PS) for events with more than 1 jet



W + jets differential cross sections

= 10° ! ' ‘ > \;v t ‘ :
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* Differential cross section measured for each jet multiplicity separately wrt to jet
prand Hy =2 pJe¥ + p/' + p;¥ (characteristic scale of ME+PS MCs)

* Good agreement with NLO MC (MCFM and Blackhat-Sherpa) predictions and ME
+PS MC predicitions (Alpgen, Sherpa)
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do/dp_ [Pb/GeV]

10"
102
10°
10
10°

1.5
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Theory/Data

N>r=ip»

W + jets differential cross sections

‘ ‘ ‘ T 3 = 1P \ \ \ 3 = 10— I \ \ E
.[Ldt=33 pb”! V:S;Zt; Jz%t?o,\&g TeV ; 8 E A W—sev + jets E 8 - A Wosev + jets ]
X SHERPA E 9 1o Ldt=33 pb /8- Data 2010,\/s=7 TeV _| %_ [ |Ldt=33pb 28 Data 2010,J5=7 TeV |
;1. BLACKHAT-SHERPAS 3'-_ & v ALPGEN e v ALPGEN _
g ‘L.+>g,efs MCFM E g g 57LW+%3. A SHERPA 1 g : A SHERPA E
2 'i. ATLAS Preliminary 3 B 15 ba#e 6 BLACKHAT-SHERPAZ F ATLAS Prefiminary
Lty e - /‘ ATLASPreliminary | © | eliminary
e g W SXlor el E Al ] 101 7 4
r éﬁ% 1 0 E 3 E 3
e W, 5 E 3 r // ]
2 \4/918 s X102 % /7% E - 5 :
= - 10 Z 2|
F 3 C B 10 E
3 E : 1 - //‘
L 7 103 3 i ]
Ew l l ; l ; E E | P P I | L 10 S | | | | —
LW 452 jet 4 20 40 60 80 100 120 20 30 40 50 60 70
PV 2/ G Third Jet p. [GeV] Fourth Jet p_ [GeV]
PR oz
50 100 150
Second Jet P, [GeV]

Good agreement with MC ME+PS predictions
and with NLO (Blackhat-Sherpa)
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Conclusion

ner—»

* W/Z + jet cross section ratios and differential cross sections measured with
the full 2010 data set with the ATLAS and CMS detector

* Cross sections given in restricted kinematical region covered by
the detector acceptance and corrected for all detector effects

* Direct measurement of the Berends-Giele scaling, observation of Z+b jet
and calculation of the ratio o(Z+ b jet)/o(Z + jet)

* Good agreement with NLO predictions and with matrix element plus parton
shower, poor agreement with parton shower alone for more than 1 jet

ATLAS public results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic
CMS public results: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

ATLAS: W + jets: ATLAS-CONF-2011-060 Z + jets : ATLAS-CONF-2011-042
CMS: W/Z + jets: CMS PAS-EWK-10-012 Z + b jets : CMS PAS EWK-10-015
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W + jets results
(CMS)
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W + jets background estimation

W
)
S x1QS | . ‘CI\‘/IS‘prglimingrY c x10° CM§ preliminary
8 25 36 pb” at Vs =7TeV S 4 36 pb™’ at Vs=7TeV |
Electron and muon 0 W = ev += 1-jet 2 W—sev+=1et -
. . Ny . o
selection like for the @ 3
. . c e data
Z+ jets analysis 2 CWee
) E= non-top
B top B
Jet selection:
same as for the Z + jets analysis
0 50 100 a 150 0 0 1 =2
1 eV N .ib-tagged
W selection: Mr [GeV] “
) N d | t - ><1(‘)3 | . ‘Cl\‘/IS‘prt‘elimin‘arY c x10° CM§ preliminary
O Second lepton 825 36 pb” at Vs=7TeV ] S 4ol 36 pb” at Vs=7TeV |
'MT>20 GeV To} W —uv +=1-jet fé’ W —uv + = 1-jet ]
Al
=~ 2 B % ofF ° -
"GC: e data ] L e data
S 15 = W-uv N 3  W-uv
o E= non-top 1 20 B E= non-top ]
. . B top B = B top
Signal extraction: 1 : 7
10F s
- Unbinned maximum likelihood fit 05 ] - ;
in M; and n-b tag (to control top) 0 - L - o : —

M [GeV] N jo>tagged
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(W + = 0-jel)

o(W + = n-jets)

1072

103

o(W + = n-jets)
o(W + = (n-1)-jets)

0.2

0.1

W + jets cross section ratio

CMS preliminary
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inclusive jet multiplicity, n
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inclusive jet multiplicity, n
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Berends-Giele scaling (CMS)

CMS preliminary 36pb'at\s=7TeV
1 5F T 1 | 3 [ 1 | T 1.5
o(W + = n-jets)
. =a+fxn S
o(W + = (n+1)-jets) uncertainties:
—p> efficiency
inties: —> jet energy scale
L qurL?EEgisgy 1 L —> MG+D6T smearing matrix _| 1
—J> jet energy scale
0.5 1 -10.5
W — ev \ W — uv
® data ® data
o MadGraph o MadGraph
o=t only 68% C.L. contours __ _ _ON)----- | | Stet only 88% C.L contours ... -0
] ] ] ] ] ] ] ]

4 4.5 5

4



/ + jets results
(ATLAS)



Muon and electron
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/ + jets inclusive cross section
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/ + Jets cross section ratio
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/ + jets differential cross section
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/ + jets differential cross section
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W + jets inclusive cross section
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W + jets cross section ratio
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W + jets differential cross sections
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